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Abstract : In this paper a novel simulation framework SIMCTS (imulation Modelling and Analysis of Customer 
Satisfaction Patterns for Telecommunication Service Providers) for ISP business process modelling is described. It is shown 
that simulation technology can tackle a wide range of operational challenges in telecommunication servic  industry. The lack 
of very specific building blocks for functional service quality simulation has made the development SIMCTS simulation 
framework an absolute necessity. The paper introduces service quality framework that could transform a conceptual service 
quality model in to computer simulation model using the available service quality data in a fast and a effective way. The 
framework defines the structural data that is required to simulate service quality attributes using building block concepts.  
The framework can be used to develop various break even simulation models that helps providers to build flexibility in to 
service process design.  Visual Basic Application (VBA) is used in the model to enhance flexibility and maintainability of 
model.
 
1. INTRODUCTION 
Among the most important of the service models 
currently in wide use, are Karl Albrecht’s Service 
Triangle [1] and the Servqual Gap Model, developed by 
[2]. More recently, [3] proposed the Service Profit 
Chain a model for enhanced profitability through 
developing true customer loyalty. The literature offers 
three alternative conceptualizations of service quality - 
the attribute theory, the customer satisfaction theory and 
the interaction theory. The attribute theory assumes that 
service quality primarily reflects the attributes of the 
service delivery system, and it applies the product 
quality framework to services. An attribute theory 
perspective on service quality assumes that management 
has substantial control over the input defining these 
attributes [5][8][27]. A customer satisfaction theory 
approach defines service quality as the difference 
between service quality expectations and the perceptions 
of reality [2]. The customer satisfaction theory places 
primary importance on customer perception, while th
attribute theory places more importance on the technical 
aspects of production. The interaction theory approach 
to service quality defines service quality as a “shared 
experience of gain” by all participants in the service 
encounter. Service quality emerges through the  
 
 
 
 
experience and need satisfaction of the participants - 
customer and contact employee[6][7][10][11]. 
Quality is a multi dimensional phenomenon. It is 
necessary to determine the salient aspect of quality in 
order to ensure product or service quality. [12][13][ 4] 
argued that there are three dimensions of service quality 
- the technical quality of outcome, the functional quality 
of the service encounter and the corporate image.[8][9]] 
states that service quality has three dimensions: Physical 
quality which includes the physical aspects of the 
service (eg. equipment or building); corporate quality 
which involves the organization’s image or profile; and 
interactive quality, which derives from the relationship 
between the organization’ personnel and the customer, 
as well as the interaction between customers. They also 
argued that it is necessary to differentiate between th  
quality associated with the process of service delivery, 
and the quality associated with the outcome of the 
service. [2]] proposed the following determinants of 
service quality – tangibles, reliability, responsiveness, 
empathy and assurance. [2] also developed a validated 
instrument called SERVQUAL for measuring service 
quality as perceived by customers. 
Conceptualisation and measurement of service quality 
and the relationship between service quality, customer 
satisfaction, and purchase intentions were investigated 
in [19][20]. They tested an alternative method of 
operationalising perceived service quality and the 
significance of the relationship between service quality, 
customer satisfaction and purchase intentions. The 
results suggested that a performance based measure of 
service quality may be an improved means of measuring 
the service quality construct, and that consumer 
satisfaction has a significant effect on purchase 
intentions. They argued that the marketing literature 
appears to offer considerable support for the simple 
performance measures of service quality. 
 
 
Figure 1a: Service quality information building blocks 
[8][12][14][1][5] 
 
They also questioned the efficacy of the 5-component 
conceptualisation of service quality offered as discus ed 
in [2] (See Figure 1a). The overall criticism of service 
quality management research at present, is that it rests 
too heavily on delimited and aspect-oriented studies and 
frames of reference; the unit of analysis is normally 
restricted to service quality as perceived by the customer 
[21][22]. 
In order to gain an understanding of service quality, it is 
necessary to consider the service processes, not only in 
the service encounter but also within the company. I  
order to overcome some of the limitations discussed 
above, we propose SIMCTS framework which is a 
simulation based approach. The framework is shown in 
Figure 1b and various building blocks are shown in 
Figure 2. Nine dimensions of quality management in 
service organizations have been conceptualized fromthe 
literature which are top management, quality policy, 
employee participation, training, supplier, quality cost, 
service design, quality techniques, benchmarking and
customer satisfaction. These dimensions are combined 
with simulation approach in our framework. The 
framework articulates that these quality dimensions will 
enhance the organizational performance, which 
comprise service quality, scheduling and service 
delivery and customer satisfaction performance. Paper is 
sectioned as follows. Section 2 highlights success 
factors for new services, Section 3 discusses the service 
quality issues. Section 4 explains proposed frameworks 
and its working process. Section 5 looks at service 
quality trends in call center industry. Section 6 looks at 
example call center scenario describing service quality 
attributes modelling-simcts in action, validation. Section 
7 concludes the paper. 
 
2.  FACTORS DETERMINING SUCCESS OF A 
NEW SERVICE FOR ISP’S: [26] 
A telecommunication service succeeds only if all three 
factors are satisfied. Technology must be available for 
service implementation in a cost-effective manner. 
Government regulations must permit the services to be 
offered. In [26] author states that availability of 
technology to implement a service itself does not 
guarantee its success. Technology plays an important 
role in determining the services that can be offered. As 
the given technology approaches saturation, various 
innovative ideas that provide the same capabilities but 
within a new technology arises. The trend towards 
deregulation of telecommunication services has taken 
place in Australia, New Zealand, UK and has given rise
to novel approaches to provide telecommunication 
services in a competitive environment. However, inspite 
of deregulation telecommunications will never be 
entirely free of government regulation [26][23]. The 
market for a new service determines the success of a 
new service. This depends upon the customer’s 
willingness to pay for the service (cost, usefulness and 
appeal of service) [26]. “The usefulness of service 
depends on there being a critical mass of subscribers” 
[26]. Standards are agreements with industry wide, 
national and international scope for interoperability. 
Standards are extremely important as the value of a
network is to a large extent determined by the sizeof the 
community that can be reached. The existence of 
standards enables small ISP companies to focus on 
developing a limited set of key service products that 
guarantee to operate within the overall network. This 
results in increased rate of innovation and evolutin of 
both technology and the standards [23]. 
 
3. ISP MERGERS AND TAKEOVERS: 
SERVICE QUALITY ISSUES AND IMPACT 
Daniel Bieler [27][28] an analyst with ovum states hat 
the reason for the shakeout among the providers is a 
continuing lack of customer satisfaction with ISP’s of 
all sizes. He states that each value added service 
effectively doubles revenue an ISP gets from a 
subscriber. In a survey conducted by J.D Power 
Associates[ 28] with a sample size of 5234 internet 
customers nearly 24% of them indicated that connection 
quality is important to them, 18% on billing and value, 
additional service offerings and discounts, 16%, image 
and 14% on technical support. The survey results also
indicated that 18% of them have switched their ISP at 
least once and 12% indicated that they are planning to 
switch ISP [27][28]. 
The mergers between successful ISP’s and number of 
ISP’s going out of business resulted in a decrease in ISP 
numbers in Australia [1]. The shakeout in ISP numbers 
is due to failure to come up with viable business model. 
The components of service quality depends upon type of 
service offered. [29][30] indicates that supplementary 
services like call center support and courtesy servic s 
are very important apart from technical components, as 
customer has clearly defined expectations where service 
quality is concerned. In a fast moving and constantly 
changing sector such as telecommunications a survey 
with 5 point scale process for user satisfaction 
judgement for Mean Opinion Score (MOS) needs to be 
repeated and updated frequently. The survey are 
expensive and results need to be subjected to in depth 
analysis if customer perception is to be clearly 
understood. It is important to identify factors that are of 
fundamental importance to evaluation of service quality. 
Customer priorities and strength and weakness of 
competition need to be identified. Service quality 
monitoring requires good attention paid to statistical 
problems as different data types from various sources 
need to be analyzed and compared [24][25][31]. Table 1 
highlights various service quality issues. 
Table 1: Service quality issues facing Australian 
ISP’s 
 
 
4. OVERVIEW OF SIMCTS APPROACH 
SIMCTS framework helps to deploy the simulation 
modeling more effectively by including organizational 
context of use. Using visually interactive simulation 
software to model SIMCTS framework elements 
increases the usability and feasibility of wider role for 
simulation. Simulation techniques help to remove 
uncertainty about expected service operation of a new
service. design (or) effects of changes to existing service 
design. [32] also states that in many service companies 
there is a lack of awareness of the potential benefits o  
simulation. The management should not consider 
simulation as “one-off” project. The model should not 
be set aside once it has achieved its objectives. The 
models created using SIMCTS framework open further 
opportunity to extend the use of simulation models and
also be a part of the training and education process [32]  
4.1 Important Research Questions 
Q1. How can ISP organization benefit from SIMCTS 
building block simulation? 
Q2. Is there a simulation framework in the field of 
service quality that can help providers to map their 
service quality model to simulation solutions? 
Q3. What are the requirements service providers 
demand from a simulation framework for service 
quality? 
Q4. What are the existing simulation softwares in 
relation to simulating service quality model attributes? 
Q4. What are the main elements missing in the existing 
simulation softwares and how do we address these in to 
the framework design? 
Q5. What attributes are important to model in service 
quality management? 
Q6. What are the key performance indicators to evaluate 
a service quality design model? 
Q7. What structural data is required to simulate servic  
quality attributes? What input data is required andwhat 
format does this typically exists? 
The answers to all these questions are covered in the 
simulation case study conducted by authors[40] that 
show the applicability of this framework in a call center 
service scenario. 
Table 2: SIMCTS Framework Testing Strategies 
 
The case study conducted in this papers and in [40] 
addresses the adaptability, usability and service strategy 
of SIMCTS. 
Figure1b SIMCTS Service Quality Simulation Framework 
 
Figure 2: Service quality attributes and associated information for various SIMCTS building blocks [19][29][30][27][28][31][32][16][17][22][23] 
 
5.  SERVICE QUALITY TRENDS AND 
SERVICE PROVISIONING IN CALL SUPPORT 
SERVICES: AUSTRALIAN SCENARIO 
 
Figure 3: Service waiting time across all service industries, Daily 
Telegraph, June 23, 2004 [41] 
 The role of call centers is to act as the door” betwe n 
the customer and the organisation so that the 
relationship is positively managed. The quality of these 
transactions is critical to the success of the organisation 
because when a customer contacts a call centre they 
already have a range of preconceived service 
expectations such as the call being answered promptly 
by a courteous CSR who has full knowledge of the 
products or services. They also expect their problem to 
be resolved or query answered during this one call as if
the matter were being handled face-to-face [34]. [33] 
points out that customers’ expectations of the servic  
may relate to both tangible dimensions such as 
reliability standards or intangibles such as feelings or 
perceptions. In a service environment, such as a call 
centre, both tangible and intangible aspects of servic  
quality need to be addressed by coaches if service 
quality, from the customers perspective, is to be 
achieved by the call centre. Figure 3 and  4 compares 
current service industries trend in Australia in call enter 
context  and some recommendations provided. 
 
Figure 4:  Proposed changes and recommdendations [15]-[18] 
An ongoing Canadian call centre benchmarking study as 
reported by [34] found that true indicators of service 
quality were not necessarily being gathered because data 
collection concentrated on the tangible aspect of quality 
such as average call time and not on customer 
perceptions and feedback. In the absence of data on 
intangible dimensions of customer service, the 
innovative introduction of the coach to the call centr  
means that data on intangible dimensions can now be 
collected by coaches performing the role of a proxy’ 
customer. This is accomplished by the coach applying 
internally designed, service quality criterion benchmarks 
based on the organisation perception and interpretation 
of the customer service quality expectations.  A quality 
call consists of 28 call handling and technical skill 
criteria (see Figure 5 .) that need to be demonstrated by 
a CSR in every call so that a complete and accurate 
response is provided to meet the customers needs and 
service expectations. These criteria expand on the ten 
dimensions of Parasuraman et al SERVQUAL 
model[36]. Quality dimensions of customer call centr s 
to ensure that the skills relating to intangible service 
quality dimensions are available for use and to achieve a 
balance between the already available and widely used 
tangibles dimensions [35]. 
The process of collecting the quality call data is 
obtained during call monitoring. This is where the coach 
monitors or listens to the CSR actual call. The coach 
records CSR call performance using a check list of the 
28 criteria, referred to as a Call Observation Sheet. A 
gap analysis, based on each criterion definition is 
undertaken to determine if the CSR has provided the 
customer with a complete and accurate call response, 
thus achieving the quality call’. When a quality call is 
not achieved, CSRs are provided with informal or 
formal feedback, depending on their call performance 
gap and coached in the areas they need to further 
develop to achieve a quality call. The four weekly 
monitoring cycle concludes with up to 10 monitored 
calls for each CSR and the standard of quality is 
reported as either, a pass or fail representing the 
reliability of the call. The data is used by management to 
obtain an overall measure of the Call Centers quality 
call performance [35]. 
Figure 5: Call observation sheet [33]-[36] 
 
In a call center environment customer interacts only 
using telephone, thus allowing the service to be 
delivered anywhere in the world. [37] states that 
efficiency of call center is very critical to the image of 
organization. Efficiency and service excellence are the 
two main goals in relation to call center. Efficiency 
involves speed of delivery and cost optimization to 
remain competitive. In this process customer servic 
representative performance is key factor. They are 
judged by how quickly they deal with service inquiry 
and the number of calls they handle. [37] indicates the 
transaction calls are simple and well defined to be 
delivered through service encounter. Sales calls are 
based on revenue and results, while technical solution 
calls provide technical services giving personalized 
attention to customers. Transaction calls: key factor is 
efficiency; Sales calls: service and efficiency; Solution 
calls: customer service 
 
5.1  SIMCTS Simulation Training-ISP Service 
Managers [8] 
Simulation “ is the process of designing a model of real 
system and conducting experiment with this model for 
the purpose either of understanding the behavior of the 
system (or) evaluating various strategies (within the 
limits imposed by a criteria) for the operation of the 
system”[45]. ISP’s can be asked questions about their 
learning experience with simulation and critical, 
analytical thinking. Service manager need to be trained 
in using simulation tools, and key questions, dimensio s 
need to be answered [20][21][37]. Coaches act as 
customers and evaluation of service needs to be 
consistent with that of customer. If not there exists a gap 
in service quality due to difference between 
management perception and customer expectation. 
Training process impacts on service quality. Models can 
be used by service managers to outline simulation 
benefits, applications and educate potential busines  
units.  SIMCTS models helps to achieve service quality 
with a reasonable cost associated with this. Thus poor 
service quality can be avoided by increasing efficien y 
and effectiveness using simulation techniques [20][21]. 
See Table 3. 
 
5.2 Confidence, experience, skills and knowledge of 
service representatives: SIMCTS Models 
Apart from time and operational constraints influencing 
the decision of coaches to provide CSRs with informal 
feedback, coaches confirmed that their confidence and 
lack of experience and skills in people management 
prevented them from properly addressing CSR issues in 
a timely manner. This was partly due to coaches’ 
lacking confidence in their skills and not being 
reassured by management that they were doing the rig t 
thing when coaching CSRs on various issues. 
Table 3: SIMCTS Simulation training procedures and benefits 
[20]-[25] 
 
 
 
Figure 6: SIMCTS and SERVQUAL Model: Closing the loop [35]-
[38] 
The need for reassurance is demonstrated by [17] 
research findings that continuous feedback is needed so 
that people know not just what task to do but also how 
well they are doing it. Coaches also confirmed thatey 
had received limited training to increase their 
knowledge and skills in handling CSR issues. They felt 
that their development and growth needs were not 
important to management, further eroding their 
confidence in handling customer problems. These 
findings align [18] case study of on-bound’ British call 
centre organizations that _or many managers, the 
support they seek to provide to their staff is not s  
forthcoming for themselves, leading to isolation and an 
absence of continuity’ (See Figure 6). 
The research confirms [34] findings that all monitoring 
and call coaching are good concepts’ and this supports 
the research sites quality call concept. [34] found these 
good concepts typically fail on implementation’. The 
research findings clearly demonstrate, from the coaches’ 
perspective, how difficult and yet how important the 
intangible people aspects of service quality are. With 
limited successful application of the intangible 
dimensions of customers perceived service quality being 
addressed, the Call Centre quality call objective was not 
fully realized. This invariably has a profound impact on 
the ability of the Call Centre to continuously provide 
high quality service to match customers’ perceptions f 
service quality. The tangible dimensions of service 
quality were more easily achieved in the research site a  
in other independent studies by [33] and [38] because 
they are physical tasks supported by statistical data that 
substantiate performance achievements. 
 
Simulation case study were conducted by authors using 
real data obtained from a ISP. More information on this
is available in [43][40]. Previous research work carried 
out by authors include simulating ISP customer 
complaints handling process. The authors were 
primarily involved on modeling dimensions of 
complaint satisfaction. This included understanding 
customer perception of waiting time and developing 
simulation model that measures actual time and 
expected waiting time as a function of satisfaction. For 
more information refer [42]. 
6.  SIMCTS IN ACTION: A CALL CENTER 
BALKING MODEL TO MODEL SIMCTS 
SERVICE QUALITY ATTRIBUTES 
6.1 Customer Balking: [34]-[36] 
The Erlang formula are not suitable for today’s call 
centers. The main assumption that all calls entering do 
not abandon the system is not true for today’s call center 
environment. It is important to understand that there is 
always a  individual tolerance for customers to deci  
either to balk (or) stay in the queue to be served. Skill 
based routing strategy is where operators differ in their 
skills levels and time taken to handle calls. In [36] 
author indicates that erlang  calculation overestimates 
staffing needs. Today’s call center costs are mainly 
related to staffing and human resources. Simulation 
provides a complete solution in relation to staffing 
issues, balking behavior in service model and call 
routing strategies. It helps to analyze business questions 
faced by call center analyst and managers [36][39][32]. 
Simulation staffing analysis—call operators, skills, 
technology, call management technique are related to 
operational issues and business decisions [4]. 
SIMCTS Call satisfaction variables: [17] are: l vel of 
service provision;consolidation of call center services; 
efficient call handling; dynamic call routing strategies; 
reduced abandonment; call return priority; staffing 
schedule 
6.2 Model  Significance [Unique Service Proposition] 
The model compares customer expectations prior to 
receiving service and their perception of service 
experience. Customer’s perception can be managed 
during the service delivery process using tolerance zone. 
Zone of tolerance is service performance range that a 
customer finds satisfactory. The outcomes lead to three 
states that are delighted, satisfied and dissatisfied. It thus 
distinguishes between desired level and acceptable 
service level. The service process is satisfactory within 
the tolerance zone, delightful above tolerance zone and 
dissatisfactory below the tolerance zone. Thus these 
three outcomes help to distinguish acceptable outcome, 
unacceptable outcome and more than acceptable 
outcome [28][39][32]. 
ISP managers should understand and distinguish the 
tolerance zone using service experience of customers. 
Customers with minimal knowledge about service have 
wider tolerance zone. Customer with great level of 
service experience has narrow tolerance zone. Thus 
tolerance zone for various service set up needs to be 
understood.  In our service model “responsiveness” was
the most important factor and had narrow tolerance 
zone. Simulation helps service managers to experiment 
the tolerance zone during service delivery process. Thus 
the dynamic nature of this service process can be very
well understood.  “ Is it possible to visualize the queue 
alarm thresholds during service delivery process”- yes, 
the model allows managers to visualize the customer 
queue psychology factors and the impact of balking rate
and reneging time on service performance [28][15]-[20]. 
 
6.3 Simulation Model Objectives and Modelling 
Criteria 
In the simulation model two main queue psychology 
factors will be investigated. They are customer balking 
and customer reneging. Balking is a situation where 
arriving customer does not join the queue. Reneging is a 
situation where customer joins a queue upon arrival, but 
has a associated zone of tolerance to wait till he is 
served. In the simulation study ISP customer receives 
busy signal if all the lines are in use. [39] states hat 
balking is a very complex process to be modeled and 
that it is entity dependent (ISP customers decisions are 
based their own evaluation of service situation- enteri g 
queue (or) balk).  In terms of entity reneging the 
customer zone of tolerance plays a very important role. 
The tolerance threshold depends upon the importance of 
service being provided. The customer decision to wait in 
the queue is influenced by the fact how long he has 
already spent in the queue? [39][32]. 
To model customer queue psychology it is highly 
essential to understand the entity relationship within he 
model, availability of resource and service queue length. 
ISP service managers can investigate various threshold 
patterns and evaluate the system conditions [6]. The
SIMCTS model is a approximation of real system. Thus 
this is useful in training situations. (Managerial t me). 
6.3.1 Modelling Objective 
• Study the impact of service time delay process 
on call server utilization, customer balking and 
reneging using the existing service parameters. 
• Study the approach of consolidating service 
reviews of email and telephone service 
operations 
6.3.2 Model Limitations: 
The main difficulty we faced in simulation was 
representing the human interaction with an service 
system. It is difficult to predict the behaviour of 
customers when queueing in call center service system. 
The decisions are dependent on the individual and so it 
is practically impossible to come up with service design 
that fits all situations. In our model we use VBA to raise 
queue alarm thresholds. Figure 8 shows a snapshot of 
the model 
6.3.3 Model  Explanation 
The customer arrive in the call center model. All service 
quality attributes such as renege time, server queue 
capacity, customer tolerance are assigned in the model. 
After this entity is sent to server queue. If the serve is 
available it is seized, delayed by service delay time and 
customer serviced. If the server is busy   and balklimit 
is more than number in queue then entity is balked an  
disposed. To model renege time a duplicate entity is 
created , delayed by renege time and the queue position 
of original entity determined (this is the entity sent to 
server queue). If the entity has been already processed 
then the duplicate entity is disposed. If the queue 
position is determined and is less than  the tolerance 
zone then  the entity exits the system. If the queue 
position is greater than the tolerance threshold then the 
duplicate entity removes original entity and itself. All 
renege entities are recorded [39][32]. 
 
Figure 7: VBA application in the mode 
VBA application in ARENA was used to trigger alarms. 
This helps us to visualize queue threshold pattern in the 
model. A VBA form is also displayed that asks user 
information about parameter of interest (service delay 
time). The model will run using the data distribution 
value specified. Model also helps to  determine the 
break point utilisation in the model. This is the point 
were the utilisation reached 100% (See Figure 9). 
 
Figure 8: Customer balking and reneging VBA alarm model [39] 
 
6.3.4 Experimentation and Validation 
Customer Balking and Reneging 
When the inter-arrival time increased the server was less 
busy. In situations where the high arrival rates were 
noticed the server was busy most of the time. We were 
thus able to investigate the break point utilization where  
the utilization reached 100% [44] See Figure 9 . The 
model parameters are defined below for the above cas .
 
 
 
Figure 9: Impact of service delay time on customer balking, 
reneging and serviced customers 
 
6.3.5 Responsiveness Nature of ISP 
ISP’s are  changing their customer care operations  the 
internet. There is a huge investment in human resource 
and computing resources on call centers. All ISP’s 
employ service experts for underdstanding operationl 
service processes. This person can also be a service 
manager. In the scenario 2  model the service manager 
should handle traffic from internet to call center. This 
has become a integrated part of real time service 
platform. Simulation model developed demonstrates 
how technology can enhance call center service 
operations. Existing system is modeled and flow of 
entities and their relationship of activities within call 
center system was understood and exercised in the 
model[39] The ISP call center receives email enquiries . 
The service enquiries received are logged and is handled 
by service manager. The simulation model helps to 
investigated the mean time it takes to process email 
enquiries coupled with telephone enquiries. This is a 
steady state process as input do not change during 
simulation run. The model parameters are defined below 
for this case. 
 
Customer arrival /emails, calls(input); Service type 
request (delay); different processing times with call 
center operator intervention (resources). Service activity 
mix is where different customer request for different 
service type. The ISP provide the mix of all  service 
types and associate a process time. A expert opinion was 
obtained to gain estimate of time to perform particular 
service activity. TRIA() distributions was chosen to
approximate  process time. It was interesting to note that 
varying service delay time did have huge impact on 
number of balked and renege customers (highly 
sensitive to input parameters).  Sensitivity analysis was 
used to understand impact of input model uncertainty. 
Delay service time parameters was varied and output 
results were sensitive. This helped us to collect more 
data and then improve the estimation  of accuracy of 
input parameters [1]. 
 
Figure 10:  Consolidation of service  reviews using the balked 
customers statistics and email enquiries reviews using service 
delay factor variation and specifting service manager process 
delays 
 
We ran the independent replications of simulation model 
(ARENA automatically uses non-overlapping streams of 
random numbers). Simulation is started with same initial 
conditions for each replication. In the “server queue” in 
balking model, any call that is unable to find a resource 
is balked. This is an important aspect of overflow 
routing. The main performance measure of interest is the 
effect of changes in model service delay time on number 
of balked, reneged and serviced customers. From the 
graph it is clear that as the service delay time increases 
then more customers balk from the system. The number 
of renege customer also increases. Thus there is a 
overall impact on service quality as the serviced 
customers number decreases. The ISP manager should 
thus manage the email service process delays as well as 
the telephone service delays to improve overall servic  
quality [44] See Figure 10. 
 
Following the SIMCTS framework, we verifed the 
model by checking whether the model has been 
correctly coded and correctly transferred from the model 
data collected (and conceptualized) to the simulation 
model.  During this stage,  (distributions of the) input 
variables have been determined, the model structure has 
been defined and calculation rules have been setup to 
calculate the output variables.   
 
SIMCTS framework also requires solution validation.  
For that, we checked if the model is correct as compared 
to the reality.  In other words, we checked if the model 
represents reality.  This is required to ensure that during 
the search for solutions a correct comparison can be 
made with the model in order to evaluate the 
improvements.  There are three forms of validation: 
replicate validation, structural validation and exprt 
validation.  Replicate validation compares the values of 
anoutput variable in reality with the values for the same 
output variable calculated by the simulation model.  In 
structural validation, the simulation model is usually 
made to calculate different alternatives.  This not only 
requires that the simulation model adequately reflects 
reality, but also that the simulation model properly 
responds to changes in the input variables.  Here we 
followed the last validation procedure, i.e. expert 
validation.  In this case, experts assess qualitatively the 
output and structure of the simulation model.  This 
technique is very useful in situation where there are no 
measurement data or because it is too expensive or too 
time-consuming to collect detailed measurement data.   
 
During the verification and validation of the model, 
animation can be an important factor.  An animation 
quickly provides an understanding of the working of the 
program and is thus a very useful tool for the modeler to 
use during the verification phase of SIMCTS.  During 
the validation, animation can be used during the expert 
tests.  A proper animation to a simulation model will
make the model easier to understand for experts.  
7. CONCLUSION AND FUTURE WORK 
Service quality process is much more than just 
measuring and monitoring. Providers should anticipate 
and respond to customer service request. Quality 
improvements cannot be achieved solely by 
modernising network equipments. A well engineered 
ISP network providing internet services to customers 
can still encounter problems in terms business 
profitability, customer loyalty and retention if user  
perceive poor service quality of carriers as they do not 
provide necessary help desk support needed from using 
the ISP services[13]. 
Simulation is an effective methodology to design, to 
evaluate and to generate solutions for managing service 
quality.  However, the lack of appropriate framework 
and building blocks in functional service quality domain 
affects the adoption of simulation as a methodology to 
measure and manage service quality.  The proposed 
SIMCTS framework provides the necessary guidelines 
and steps in using simulation technique for managing 
service quality.  Using the framework, we showed using 
the example, that key functional service quality metrics 
can be measured and different experiments were able to 
be executed. The simulation study also helped to 
understand the and analyse the service operability 
performance, servability performance, service integri y 
performance and support service performance. 
Simulation studies can thus help small ISP’s to come up 
with viable business models that can attract various 
customer groups. The number of customer  and diversity 
in demand will play a major role in understanding 
service quality expectations. Small ISP’s can offer 
customised services than standardised services and 
target a particular market segment[13]. The future work 
will involve investigating how to apply the 
PROMETHEE-I multicriteria decision making 
technique used in [47] to this study and further enhance 
the model confidence. 
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